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(54) Direct sequence spread spectrum communication system 

(57) In a direct spread-spectrum communication 
system for transmitting and receiving signals multi- 
plexed according to a data format having a simplex (not 
multiplexed) portion and a multiplexed portion, a trans- 
mission error ratio of ACK and NAK signals is 
decreased and the transmission method is changed 
according to the transmission path conditions, thus 
improving a throughput of the system. On receipt of the 
header information, station B synchronizes a spread- 
spectrum signals, reproduces the clock according to a 
bit-synchronization signal and accomplishes the auto- 
matic gain control (AGC) and synchronization of the 
data by synchronization-pattern. The station B looks for 
and recognizes information about the multiplexing 
number and aligns its circuit to the recognized multiplex- 
ing number. The station B then knows the length of the 
packet received, decodes the packet and performs 
cyclic redundancy checking (CRC) to judge whether 
data was correctly received or not. On the basis of the 
judgment result, the upper layer (6) determines which 
signal ACK or NAK to be sent to the station A. The sig- 
nal ACK or NAK is sent to the station A in the simplex 
(not multiplexed) state with information about the multi- 
plexing number being always 1 . In this instance, the sig- 
nals ACK and NAK transmitted in the simplex mode can 
have a considerably improved error rate as compared 
with that of the signals transmitted in a multiplexed 
state. Thus, the transmission error with signals ACK and 
NAK can be surely reduced by transmitting them in the 
simplex state. This decreases the probability of re-trans- 
mission of an unnecessary packet due to the incorrect 
receipt of the signal ACK at the station A. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a communication s 
method applied to a spread-spectrum communication 
system. 

A spread-spectrum communication system has 
been recently developed and put to the practical use, 
which advantage is immunity to interference such as * 
multipath interference and color noise as compared with 
the usual narrow-bandwidth communication. 

The spread-spectrum communication system, how- 
ever, involves a problem that the high-speed data trans- 
missions need to use a bandwidth widened by a factor i 
of a spread-coefficient of a signal to be transmitted. For 
example, when data of 1 Mbps is transmitted by using a 
code having a spread-coefficient of 1 1 , the data trans- 
mission rate is 1 1 Mcps (chips per second). If data of 10 
Mbps is transmitted, the chip rate is 110 Mcps. This i 
condition is difficult to realize since a necessary band- 
width is of 110 MHz to 220 MHz and the circuit must 
operate at an increased rate. 

Accordingly, the present applicant have proposed 
two methods of increasing a data transmission rate 
without increasing a chip rate by applying multiplexing 
spread-spectrum signals. One of the methods is a 
spread-spectrum signal multiplexing system described 
in Japanese Laid-open Patent Publication (TOKKAI 
HEI) No. 9-55714 and the other mission system having 
a multiplex portion and a not-multiplexed portion, which 
have filed in Japanese Laid-open Patent Publication 
(TOKKAI HEI) No. 9-298491. 

The use of these methods can increase the data 
transmission rate without increasing the chip rate. 

The latter prior art method mentioned above use a 
data format having a not-multiplexed (simplex) portion 
and a multiplexed portion while the former having all 
multiplexed portions. 

The data transmission format including the simplex 
portion and the multiplex portion is used for providing 
the compatibility of the data communication system. In 
this system, each station can select a desired multiplex- 
ing number for data transmission and, therefore, a 
receiving station can not receive data without previously 
knowing the multiplexing number of the transmission. 

With a system using the previously determined mul- 
tiplexing number, each station can transmit all signals in 
a multiplexed state. 

With a system having not predetermined multiplexing 
number, a transmitting station must inform a receiving 
station of the number of data multiplexed and transmit- 
ted thereto. 

For this purpose, a simplex sequence portion of the 
data transfer format is written with common information 
including the multiplex number which will be selected by 
the receiving station. 

The data communication is usually conducted 



between a transmitting station and a receiving station 
when the latter selected the informed multiplex number 
thus decided at and transmitted from the former. 

In multiplexed data transmission, the characteris- 
tics of a carrier-to-noise power ratio to an error rate 
become worse as the multiplex number increases. Cor- 
relatively improved characteristics were obtained by 
applying a technique proposed by the present applicant 
in Japanese Patent Application Serial No. 8-13963. At 

? BEFU10" 5 (where BER is Bit Error Rate) a necessary 
C/N value of 5-multiplex transmission without correla- 
tion improvement differs by 15 dB from that of the sim- 
plex transmission. There is still a difference of about 7.5 
dB between the 5-multiplex transmission with correla- 

5 tion improvement according to the method proposed by 
the present applicant and the simplex transmission. 

An example of packet mode communication by the 
above-mentioned multiplex system is described as fol- 
lows: 

>o The communication is now conducted between 
Stations A and B. The station A transmits a packet of 
data to the station B. Upon receipt of the data packet the 
station B transmits an ACK (acknowledge) signal or a 
NAK (Negative acknowledge) signal to the station A if 
?5 the received data was correct or incorrect. This judg- 
ment is usually made by checking such an error detec- 
tion code as a CRC (Cyclic Redundancy Check) 
contained in the received data. 

On receipt of the ACK signal, the station A trans- 
30 mits a next packet of data to the station B. With the NAK 
signal received or no response from the station B, the 
station A re-transmits the same packet once transmitted 
to the station B. 

In a general data communication system, a trans- 
35 mission error may occur in a packet containing a long 
data portion but ACK and NAK signals containing short 
data may rarely be subject to transmission error. 

However, a multiplex transmission system previ- 
ously proposed by the present applicant encountered a 
40 problem that an increase of the multiplexing number is 
associated with a larger increase of the transmission 
error rate as compared with that in a typical conven- 
tional data communication system and even the ACK 
and NAK signals from the station B may also be lost or 
45 incorrectly received. With incorrectly received response 
signal, the station A must re-transmit the packet once 
transmitted to the station B even if the latter correctly 
received the same packet. If so, the station A transmits 
the unnecessary packet instead of a next packet, result- 
so ing in lowering total throughput of the communication. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems of the 
55 prior art, the present invention was made to provide a 
direct-spread-spectrum communication system using a 
data format comprising a simplex field sequence and a 
multiplexed field sequence, which can attain a reduced 
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transmission error of ACK and NAK signals and an 
improved throughput of transmissions by adaptively 
changing the transmission method depending upon the 
state of transmission line. 

5 

(1) Accordingly, an object of the present invention is 
to provide a direct-spread-spectrum communica- 
tion system for transmitting and receiving signals 
spread by using spread-code and multiplexed 
according to a data format having a simplex (not w 
multiplexed) portion plus a multiplexed portion or 
only a multiplexed portion or only a simplex portion 

by using multiplexing means for multiplexing signals 
at a delay time of any desired number of chip of the 
spread-code, said spread signals to be transmitted is 
and to be received being packetized and transmit- 
ted by an ARQ (Automatic Repeat Requesting) 
method, wherein an ACK (Acknowledge) signal and 
a NAK (Negative Acknowledge) signal for acknowl- 
edging the receipt of correctly or incorrectly trans- 20 
mitted data are transmitted and received as simplex 
(not multiplexed) spread-spectrum signals, thus 
improving an error ratio of the response signals. 

(2) Another object of the present invention is to pro- 
vide a direct-spread -spectrum communication sys- 25 
tern as mentioned in (1) above, characterized in 
that a procedure for recognizing the connection 
between terminals by a CSMA/CA (Carrier Sense 
Multiple Access with Call Accepted) with RTS/CTS 
(Request To Send/Clear To Send) method before 30 
transmitting and receiving a data portion in the data 
format is provided with a packet for recognizing the 
establishment of the connection is transmittable 
and receivable as a simplex (not multiplexed) 
spread-spectrum signal, thus improving an error 35 
rate of the connection acknowledgment. 

(3) Another object of the present invention is to pro- 
vide a direct-spread-spectrum communication sys- 
tem as mentioned in (1) or (2) above, characterized 

in that a response data format for ARQ system 40 
includes a flag for identifying response signals and 
response data such as ACK signal arranged in 
fields of the response data format where the 
number of multiplexed data and packet length were 
previously arranged and now omitted, thus shorten- 45 
ing a packet length. 

(4) Another object of the present invention is to pro- 
vide a direct-spread-spectrum communication sys- 
tem as mentioned in any one of (1) and (3) above, 
characterized in that the number of multiplexed so 
data in the multiplexing means is variable and is 
decreased by control when a result of counts of 
received NAK signals indicating incorrect receipt of 
transmission including no response or incorrectly 
received response reaches a specified preset value 55 
and then data in a less multiplexed state is re-trans- 
mitted and received. This enables the system to 
improve an error rate of transmissions over wrong 



propagation path. 

(5) Another object of the present invention is to pro- 
vide a direct spread-spectrum communication sys- 
tem as mentioned in any one of (1) and (4) above, 
characterized in that the system is further provided 
with an aerial diversity switching system by which a 
current working antenna (aerial diversity) is 
switched over to another when a result of counts of 
received NAK signals indicating incorrect receipt of 
transmission including no response or incorrectly 
received response reaches a specified preset 
value, and data is then re-transmitted therethrough 
and received. 

(6) Another object of the present invention is to pro- 
vide a direct spread-spectrum communication sys- 
tem for transmitting and receiving signals spread by 
using spread-code and multiplexed according to a 
data transfer format having a simplex portion plus a 
multiplexed portion by using multiplexing means for 
multiplexing signals at a delay time of any desired 
number of chip of the spread-code, said spread sig- 
nals to be transmitted and received being pack- 
etized and transmitted by an ARQ (Automatic 
Repeat Requesting) method, wherein the number 
of data to be multiplexed in the multiplexing means 
is controlled, a frequency of ACK signals for 
acknowledging the receipt of correctly transmitted 
signals and a frequency of NAK signals for 
acknowledging the receipt of incorrectly transmitted 
signals including no response or incorrectly 
received response are countable separately and 
the number of data to be multiplexed, transmitted 
and received is adaptively controlled according to 
an ACK to NAK ratio determined from the fre- 
quency counts. 

(7) Another object of the present invention is to pro- 
vide a direct-spread-spectrum communication sys- 
tem as mentioned in any one of (1) to (6) above, 
characterized in that the system is further provided 
with the aerial diversity switching system to change 
a working antenna diversity according to a ratio of 
counts of correctly received ACK signals indicating 
correct receipt of transmission to counts of received 
NAK signals indicating incorrect receipt of transmis- 
sion including no response or incorrectly received 
response and, then, transmits data at the selected 
aerial diversity, thus enables the system to maintain 
well transmit-and-receive state. 

(8) Another object of the present invention is to pro- 
vide a direct-spread-spectrum communication sys- 
tem as mentioned in any one of (4) to (7), 
characterized in that the number of data to be mul- 
tiplexed, which has been received, is used as an ini- 
tial value to be set at the multiplexing means when 
a direction of data communication between stations 
is reversed. This enables the system to use the 
number of multiplexed data, which can be consid- 
ered to be a nearly optimal value. 
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(9) Another object of the present invention is to pro- 
vide a direct-spread-spectrum communication sys- 
tem as mentioned in any one of (1) to (8) above, 
characterized in the number of data to be multi- 
plexed in the multiplexing means is changeable by, 
a delay dispersion of the ACK or NAK signal trans- 
mitted and received in a simplex (not-multiplexed) 
state is calculated and an optimal value of the 
number of data to be multiplexed for transmission is 
determined according to the calculation result of 
the delay dispersion and quickly set at the multi- 
plexing means. 

(10) Another object of the present invention is to 
provide a direct spread-spectrum communication 
system as mentioned in (9) above, characterized in 
that the system is composed of a base station and 
a terminal station, wherein only the base station 
calculates the delay dispersion of the simplex signal 
and determines the number of data to be multi- 
plexed for transmission according to the calculation 
result and the terminal station sets the number of 
data to be multiplexed, which is determined by the 
base station. This requires for the system to 
increase the circuitry of only the base station. 

(11) Another object of the present invention is to 
provide a direct spread-spectrum communication 
system as mentioned in any one of (1) to (10) 
above, characterized in that the system is a one-to- 
multiple or multiple-to-multiple communication sys- 
tem in which each of stations composing the sys- 
tem can control the number of data to be 
multiplexed for transmission in the multiplexing 
means and stores the multiplexing numbers previ- 
ously determined for respective connectable sta- 
tions together with respective identifications and 
sets at the multiplexing means the necessary multi- 
plexing number by selecting it from the stored val- 
ues. This enables the each station to optimally 
communicate with any other stations even if they 
may be frequently changed to another. 

BRIEF DESCRIPTION OF DRAWINGS 



Fig. 1 A is one example of a data format to be used 
for a prior art communication system. 

Fig. 1B is another example of a data format to be 
used for a prior art communication system. 

Fig. 2 shows characteristic curves of carrier-to- 
noise ratio to error rate at variable multiplex number val- 
ues with and without improvement. 

Fig. 3 is a view depicting a prior art transmission 
procedure of transmitting/receiving data packets by 
using a multiplex system. 

Figs. 4A and 4B show an example of a data format 
to be used for a communication system according to 
one aspect of the present invention. 

Figs. 5A and 5B show an example of a data format 
to be used for a communication system according to 



another aspect of the present invention. 

Figs. 6A, 6B and 6C show an example of a data for- 
mat to be used for a communication system according 
to another aspect of the present invention. 
5 Figs. 7A, 7B and 7C show an example of a data for- 

mat to be used for a communication system according 
to another aspect of the present invention. 

Figs. 8A and 8B show a header field of a data 
packet format to be used for a communication system 
w according to an aspect of the present invention. 

Fig. 9 is a flow chart depicting the operation of a 
communication system according to one aspect of the 
present invention. 

Fig. 10 is a flow chart depicting the operation of a 
is communication system according to another aspect of 
the present invention. 

Fig. 1 1 is a flow chart depicting the operation of a 
communication system according to another aspect of 
the present invention. 
20 Fig. 12 is a schematic construction view of a multi- 
plex spread-spectrum communication system. 

Fig. 1 3 is a detailed circuit diagram of a transmitting 
and receiving device in the system of Fig. 12. 

Figs. 14A and 14B are a waveform diagram of a 
25 correlation signal for explaining the operation of a com- 
munication system according to the present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

30 Prior to explaining preferred embodiments of the 
present invention, prior art direct-spread-spectrum 
communication system will be described below as refer- 
ences for the present invention. 

A spread-spectrum communication system has 
35 been recently developed and put to the practical use, 
which advantage is immunity to interference such as 
multipath interference and color noise as compared with 
the usual narrow-bandwidth communication. 

The spread-spectrum communication system, how- 
40 ever, involves a problem that the high-speed data trans- 
missions need to use a bandwidth widened by a factor 
of a spread-coefficient of a signal to be transmitted. For 
example, when data of 1 Mbps is transmitted by using a 
code having a spread-coefficient of 11, the data trans- 
45 mission rate is 1 1 Mcps (chips per second). If data of 10 
Mbps is transmitted, the chip rate is 110 Mcps. This 
condition is difficult to realize since a necessary band- 
width is of 110 MHz to 220 MHz and the circuit must 
operate at an increased rate. 
so Accordingly, the present applicant have proposed 
two methods of increasing a data transmission rate 
without increasing a chip rate by applying multiplexing 
spread-spectrum signals. One of the methods is a 
spread-spectrum signal multiplexing system described 
55 in Japanese Laid-open Patent Publication (TOKKAI 
HE I) No. 9-55714 and the other mission system having 
a multiplex portion and a not-multiplexed portion, which 
have filed in Japanese Laid-open Patent Publication 
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(TOKKAI HEI) No. 9-298491. 

The use of these methods can increase the data 
transmission rate without increasing the chip rate. 

The latter prior art method mentioned above use a 
data format shown by way of an example in Figs. 1 A and 5 
1B. 

Fig. 1 A shows a data transfer format having a not- 
multiplexed (simplex) portion and a multiplexed portion 
while Fig. 1B shows a data transfer format having all 
multiplexed portions. 10 

The data transmission format including the simplex 
portion and the multiplex portion is used for providing 
the compatibility of the data communication system. In 
this system, each station can select a desired multiplex- 
ing number for data transmission and, therefore, a 15 
receiving station can not receive data without previously 
knowing the multiplexing number of the transmission. 

With a system using the previously determined mul- 
tiplexing number, each station can transmit all signals in 
a multiplexed state as shown in Fig. 1B. With a system 20 
having not predetermined multiplexing number, a trans- 
mitting station must inform a receiving station of the 
number of data multiplexed and transmitted thereto. 

For this purpose, a simplex sequence portion of the 
data transfer format (as shown in Fig. 1 A) is written with 25 
common information including the multiplex number 
which will be selected by the receiving station. 

The data communication is usually conducted 
between a transmitting station and a receiving station 
when the latter selected the informed multiplex number 30 
thus decided at and transmitted from the former. 

In multiplexed data transmission, the characteris- 
tics of a carrier-to-noise power ratio to an error rate 
become worse as the multiplex number increases. Fig. 
2 shows an example of this correlation. In Fig. 2, there 35 
are plotted results of experiments with four types of mul- 
tiplexed data: simplex, double multiplexed with and with- 
out correlation improvement and five multiplexed with 
and without correlation improvement. The correlatively 
improved characteristics were obtained by applying a 40 
technique proposed by the present applicant in Japa- 
nese Patent Application Serial No. 8-13963. At 
BER=10 -5 (where BER is Bit Error Rate and 10" 5 is 
expressed as 1.E-05 on the graph of Fig. 2), a neces- 
sary C/N value of 5-multiplex transmission without cor- 45 
relation improvement differs by 15 dB from that of the 
simplex transmission. There is still a difference of about 
7.5 dB between the 5-multiplex transmission with corre- 
lation improvement according to the method proposed 
by the present applicant and the simplex transmission. so 

Referring to Fig. 3, an example of packet mode 
communication by the above-mentioned multiplex sys- 
tem is described as follows: 

The communication is now conducted between 
Stations A and B. The station A transmits a packet of 55 
data to the station B. Upon receipt of the data packet the 
station B transmits an ACK (acknowledge) signal or a 
NAK (Negative acknowledge) signal to the station A if 



the received data was correct or incorrect. This judg- 
ment is usually made by checking such an error detec- 
tion code as a CRC (Cyclic Redundancy Check) 
contained in the received data. 

On receipt of the ACK signal, the station A trans- 
mits a next packet of data to the station B. With the NAK 
signal received or no response from the station B, the 
station A re-transmits the same packet once transmitted 
to the station B. 

In a general data communication system, a trans- 
mission error may occur in a packet containing a long 
data portion but ACK and NAK signals containing short 
data may rarely be subject to transmission error. 

However, a multiplex transmission system previ- 
ously proposed by the present applicant encountered a 
problem that an increase of the multiplexing number is 
associated with a larger increase of the transmission 
error rate as compared with that in a typical conven- 
tional data communication system and even the ACK 
and NAK signals from the station B may also be lost or 
incorrectly received. With incorrectly received response 
signal, the station A must re-transmit the packet once 
transmitted to the station B even if the latter correctly 
received the same packet. If so, the station A transmits 
the unnecessary packet instead of a next packet, result- 
ing in lowering total throughput of the communication. 

Referring now to Figs. 4A, 4B, 5A and 5B, a pre- 
ferred embodiment of the present invention will be 
described as follows: 

The data formats shown in Figs. 4A and 4B and 
shown in Fig. 5 A and 5B correspond to the examples of 
Fig. 1 A and Fig. 1 B, respectively, for the prior art. 

In Fig. 4A, the format includes a simplex header 
portion and a multiplexed data portion. The header por- 
tion is analogous in structure to the header portion of 
the format of Fig. 1A. 

On receipt of the header portion, the station B syn- 
chronizes a spread-spectrum signals, reproduces the 
clock and accomplishes the automatic gain control 
(AGC) according to a signal for bit-synchronization and 
synchronization of the data by synchronization-pattern. 

The station B looks for and recognizes information 
about the multiplexing number and aligns its circuit to 
the recognized multiplexing number. The station B then 
knows the length of the packet received, decodes the 
packet and performs cyclic redundancy checking (CRC) 
to judge whether data was correctly received or not. 

On the basis of the judgment result, an upper layer 
computer of the station B determines which signal ACK 
or NAK to be sent to the station A. The signal ACK or 
NAK is sent to the station A in the simplex (not multi- 
plexed) format together with a signal indicating the mul- 
tiplexing number being always 1 . 

On receipt of the signal from the station B, the sta- 
tion A similarly synchronizes the spread -spectrum sig- 
nals and reproduces the clock and accomplishes the 
automatic gain control (AGC) according to a signal for 
bit-synchronization and synchronization of the data by 
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synchronization-pattern . 

The station A recognizes the multiplexing number 
by the received information and aligns its circuit to the 
number recognized. The station A then receives the sig- 
nal ACK or NAK and perform error checking by using a 
CRC to determine whether data was correctly received 
or not. 

In this instance, the signals ACK and NAK transmit- 
ted in the simplex state can have a considerably 
improved error rate as compared with that of the signals 
transmitted in a multiplexed format. For example, they 
attain an error rate improved by 7.5 - 15 dB as com- 
pared with those transmitted in a 5-multiplexed format. 

Thus, the transmission error with signals ACK and 
NAK can be surely reduced by sending them in the sim- 
plex format. 

This decreases the probability of re-transmission of 
an unnecessary packet due to the incorrect receipt 
(transmission error) of the ACK signal at the station A. 

The simplex transmission of a signal ACK or NAK 
signal requires a little longer time than the multiplexed 
data transmission but a total throughput of the transmis- 
sions can be considerably improved because it takes 
much time for re-transmitting an error packet from the 
station A. 

The case of Figs. 5A and 5B are described below: 
This data format is used for multiplexing all signals 
used for transmission, including data to be transmitted, 
and has a header portion similar to that in a conven- 
tional format and is also multiplexed. The multiplexing 
number was previously defined at the time when the 
communication system has been brought into opera- 
tion. 

The header has a data structure similar to that of 
the example shown in Figs. 4A and 4B excepting that it 
does not need the multiplexing number information 
because this number has been previously defined and 
known. 

At the station B, the receiver is preset to the known 
multiplexing number. On receipt of the header portion, 
the station B synchronizes a spread spectrum signals 
and reproduces the clock and accomplishes the auto- 
matic gain control (AGC) according to a signal for bit- 
synchronizing and synchronization of the data by syn- 
chronization-pattern. 

The station B then knows the length of the packet 
received, decodes the packet and performs cyclic 
redundancy checking (CRC) to judge whether data was 
correctly received or not. 

On the basis of the judgment result, the upper layer 
processor of the station B determines which signal ACK 
or NAK to be sent to the station A. The signal ACK or 
NAK is, sent to the station A in the simplex (not multi- 
plexed) format. 

On the other hand, the station A is ready to receive 
a simplex (not multiplexed) signal at its receiver since it 
is a common known rule that a ACK or NAK signal is 
sent in simplex format from the station B. On receipt of 



the signal from the station B, the station A similarly syn- 
chronizes the spread-spectrum signals and reproduces 
the clock and accomplishes the automatic gain control 
(AGC) according to a signal for bit-synchronization and 
5 synchronization of the data by synchronization-pattern. 

The station A then receives the signal ACK or NAK 
and perform error checking by CRC in the data to deter- 
mine whether data was correctly received or not. 

In this instance, the signals ACK and NAK transmit- 
10 ted in the simplex mode can have a considerably 
improved error rate as compared with that of the signals 
transmitted in a multiplexed state. 

Thus, the transmission error with signals ACK and 
NAK can be surely reduced by sending them in the sim- 
is plex format. 

This decreases the probability of re-transmission of 
an unnecessary packet due to the incorrect receipt of 
the signal ACK at the station A. 

Particularly in the shown case, a transmitter- 
20 receiver unit must be set into the multiplex mode when 
transmitting data and it must be set into the simplex 
mode when receiving an ACK signal or a NAK signal 
after the transmitting. A transmitter-receiver unit must 
be set into the multiplex mode when standing by for 
25 receiving since the data in the format is always multi- 
plexed. 

The simplex transmission of the signal ACK or NAK 
requires a little longer time than the multiplexed data 
transmission but a total throughput of the system can be 
30 considerably improved because it takes much time for 
re-transmitting error packet from the station A. 

Referring to Figs. 6A, 6B, 6C, 7A, 7B and 7C, a sec- 
ond embodiment of the present invention is described 
as follows: 

35 This is an example of a CSMA/CA (Carrier sense 
multiplex access with call Accepted) system with 
RTS/CTS (Request To Send/Clear To Send) functions. 

In the first embodiment, the transmitting station can 
f irst transmit data to the receiving station. In the system 
40 according to the second embodiment, there is a high 
possibility of collision of the transmissions and, there- 
fore, a transmitting station sends to the a receiving sta- 
tion a short signal for recognizing whether the 
connection with the station is possible or not. 
45 After receiving an ACK signal from the receiving 
station, the transmitting station transmits data to the 
receiving station. This may avoid transmission of full 
length of data to a party that can not receive it, thus 
improving the total throughput of the system. 
so Similarly to the first embodiment, the two cases are 
considered as follows: 

In one case of Figs. 6A, 6B and 6C, each signal to 
be transmitted has a header in a simplex (not multi- 
plexed) state and a RTS (Request to Send)/CTS (Clear 
55 to Send) portion in a simplex state. 

The header portion has the data structure similar to 
that shown in Fig. 1. 

On receipt of the header portion, a receiving station 
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B performs operations for synchronizing the spread- 
spectrum signals, reproducing a clock, setting AGC 
according to a signal for bit-synchronization and accom- 
plishing data synchronization by synchronization-pat- 
tern. 

The station B recognizes the multiplexing number 
by the received information and aligns its circuit to the 
number recognized as 1 (simplex). The station B then 
transmits a response signal in the simplex state (the 
same as in the first embodiment). This simplex signal is 
used for acknowledging the connection between the 
parties is established. 

Similarly to the first embodiment, the station A 
transmits data in a multiplexed state and then in a sim- 
plex state. 

At the station B, a demodulator synchronizes the 
spread-spectrum signals and reproduces the clock and 
then accomplishes the automatic gain control (AGC) 
according to a signal for bit synchronization and syn- 
chronization of the data by synchronization-pattern. 

The station B recognizes the multiplexing number 
by the received information and aligns its circuit to the 
recognized multiplexing number. The station B then 
knows the length of the packet received, decodes the 
packet and performs cyclic redundancy checking (CRC) 
to judge whether data was correctly received or not. 

On the basis of the judgment result, the upper layer 
processor of the station B determines which signal ACK 
or NAK to be sent to the station A. The signal ACK or 
NAK is sent to the station A in the simplex (not multi- 
plexed) format together with a signal indicating the mul- 
tiplexing number being always 1 . 

On receipt of the signal from the station B, the sta- 
tion A similarly synchronizes the spread-spectrum sig- 
nals and reproduces the clock and accomplishes the 
automatic gain control (AGC) according to a signal for 
bit-synchronization and synchronization of the data by 
synchronization-pattern. 

The station A recognizes the multiplexing number 
by the received information and aligns its circuit to the 
number recognized. The station A then receives the sig- 
nal ACK or NAK and perform error checking by using a 
CRC to determine whether data was correctly received 
or not. 

In this instance, it is very important to first recognize 
the establishment of the connection between both par- 
ties. The total throughput of the system can be improved 
by reducing the error rate of the transmissions between 
stations. 

The other case of Fig. 7A, 7B and 7C are described 
as follows: 

Transmitting station A transmits first all signals for 
establishing the connection with a receiving station B in 
simplex (not multiplexed) state assuring an improved 
error rate. After the connection was established, the 
communication between the stations A and B is carried 
out in the same manner as described for the embodi- 
ment 1 (shown in Figs. 5A and 5B). 



Namely, the data transmission is conducted in the 
multiplex mode with the preset and known multiplexing 
number. 

The header has a data structure similar to that of 

5 the example (shown in Figs. 6A, 6B and 6C) excepting 
that it does not need the multiplexing number informa- 
tion because this number has been previously deter- 
mined and known at the time when the system was 
brought into operation. 

10 At the station B, the receiver is preset to the known 
multiplexing number. On receipt of the header informa- 
tion, the station B synchronizes a spread spectrum sig- 
nals, reproduces the clock and accomplishes the 
automatic gain control (AGC) according to a signal for 

15 bit-synchronization and synchronization of the data by 
synchronization-pattern. 

The station B then knows the length of the packet 
received, decodes the packet and performs cyclic 
redundancy checking (CRC) to judge whether data was 

20 correctly received or not. 

On the basis of the judgment result, the upper layer 
processor of the station B determines which signal ACK 
or NAK to be sent to the station A. The signal ACK or 
NAK is sent to the station A in the simplex (not multi- 

25 plexed) format. 

On the other hand, the station A is ready to receive 
a simplex (not multiplexed) signal at its receiver since it 
is a known common rule that a ACK or NAK signal is 
sent in simplex format from the station B. On receipt of 

30 the signal from the station B, the station A similarly syn- 
chronizes the spread-spectrum signals and reproduces 
the clock signal and accomplishes the automatic gain 
control (AGC) according to a signal for bit-synchroniza- 
tion and synchronization of the data by synchronization- 

35 pattern. 

The station A then receives the signal ACK or NAK 
and perform error checking by a CRC in the data to 
determine whether data was correctly received or not. 

Particularly in the shown case, transmitter-receiver 
40 unit at both stations A and B are first set into simplex 
mode when establishing the connection between them 
and then into the multiplex mode when transmitting and 
receiving multiplexed data. After this, they are set again 
into the simplex mode for receiving and transmitting an 
45 ACK signal or a NAK signal. 

The simplex-mode transmission of the signal ACK 
or NAK requires a little longer time than the multiplex 
transmission but a total throughput of the system can be 
considerably improved because it takes much time for 
so re-transmitting error packet from the station A. 

Referring to Figs. 8A and 8B, a third embodiment of 
the present invention is described as follows: 

In the first and second embodiments, the header 
portion is analogous to one of the prior art (Fig. 8A) and 
55 the response signals (e.g., the ACK signal and so on) 
are arranged in the data portion. 

In this embodiment, a flag for registerring an 
involved response-signals is set in a portion of various 
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information. In this case, the header portion of the 
present embodiment differs from the prior art example 
shown in Fig. 8A by the absence of information about 
the multiplexing number, which is unnecessary since 
the header portion is always transferred in the simplex 
mode. Accordingly, a response signal or connecting sig- 
nal is arranged in the header portion shown in Rg. 8B, 
which corresponds to the header portion of Fig. 8A in 
which the multiplexing number and packet length are 
arranged. 

In the data portion of the format, it is needed to use 
the signals (ACK/NAK, RTS/CTS) and a CRC signal, all 
of which can be modified from those in the header and 
inserted in the data portion. By doing so, it becomes 
possible to use the CRC signal and save the packet 
length, thus improving the throughput of the system. 

This is realized by formatting the response informa- 
tion in the simplex mode that eliminates the need for 
writing the information about the multiplexing number 
and, thereby, creates a space to be filled with the sig- 
nals for response. 

Referring to a flow chart of Fig. 9, the operation of a 
fourth embodiment of the present invention is described 
as follows: 

This is an embodiment to be used for the system 
(A) of Figs. 4A, 4B, 6A, 6B, 6C and 8B for the embodi- 
ments 1 to 3. 

First, the system sets a maximal number of multi- 
plexed data (at Step 9-1). In the system (A), a maximal 
value is set in a simplex portion of the format and the 
maximum number of multiplexed data (multiplexing 
number) is set the data portion thereof. 

Data is transmitted (Step 9-2) and a ACK or NAK of 
response signal is received (Step 9-2), then, content of 
the response signal is checked (Step 9-4). Upon receipt 
of the ACK signal for acknowledging the correct trans- 
mission, a subsequent packet data is detected (Step 9- 
5) and transmitted if such detected. The data transmis- 
sion ends when the last requested data was transmitted 
(Step 9-6). 

In the event if a NAK signal or no response is 
received or any response signal is incorrectly received 
(at Step 9-4), it is considered that the data could not cor- 
rectly be received by the receiving party. In this 
instance, the same packet is transmitted again. Every 
time when the such event (failure) occurred, the number 
"n w of the failures (NAK signal, no response and incor- 
rectly received response) is compared with a preset 
number "k" (Step 9-7) and re-transmission of the same 
packet is repeated until the number n reaches the pre- 
set value k (Step 9-8). When the re-transmission at the 
time exceeding the preset value k (n>k) resulted in fail- 
ure, it is considered that propagating conditions is 
wrong, the C/N is insufficient and/or delay dispersion is 
large. At this time, the re-transmission is repeated with 
a reduced number of multiplexed signals in the packet 
(Step 9-9). The information of the multiplexing number 
in the simplex portion is, of course, corrected. 



As seen from the graph of "C/N-Error rate" charac- 
teristics in Fig. 2, the error rate can be reduced by 
reducing the number of multiplexed data. The occur- 
rence of transmission failures can therefore be reduced. 
5 Thus, the procedure is flexibly applied to transmit at a 
high transfer rate while the transmission is well condi- 
tioned and to transmit data in less multiplexed state at a 
low transfer rate (at a low error rate). This improves a 
total throughput of the system. 
w it is also possible to reset an n-counter at 1 if the 
ACK signal is received after having re-transmitted the 
same packet several times because the current trans- 
mission conditions may be considered as still be allow- 
able. This step, however, is not shown in the flow chart 
15 of Fig. 9. 

The presettable value "k" shall be determined, 
based on the results of simulations and experiments, to 
an optimal value at which a maximal throughput of the 
system may be obtained. 
20 The performance of the system according to the 
shown embodiment can be further improved by combin- 
ing with features of any of the other embodiments based 
on the respective systems of Figs. 4A, 4B, 6A, 6B, 6C 
and 8B. 

Referring to a flow chart of Fig. 1 0, the operation of 



25 . .w.w.....^ - - ■ - 

a fifth embodiment of the present invention is described 
as follows: 

In a spread-spectrum communication system, so 
called "aerial diversity" techniques using two or more 
30 antennas are applied with consideration of the low sta- 
bility of the propagation path. Among them, the diversity 
switching technique is preferably used owing to its sim- 
ple circuitry and effectiveness. 

With the aerial diversity switching method for the 
35 packet communication, a current working antenna is 
often changed to another when, not in middle of trans- 
mission, an ACK signal could not be received from a 
receiving party after transmission of a packet thereto 
and then the same packet through the switched-ON 
40 antenna is re-transmitted. Namely, the switching of a 
working antenna from one to another may be conducted 
every packet-transmission. 

Referring to a flow chart of Fig. 10, the operation of 
the above-mentioned system to which the present 
45 invention is applied will be described as follows: 

This is an embodiment usable for the system of 
Figs. 4A, 4B, 6A, 6B, 6C and 8B for the embodiments 1 
to 3. 

First, the system sets a possible maximum number 
50 of multiplexed data (at Step 10-1). 

Data is transmitted (Step 10-2) and a ACK or NAK 
signal is received (Step 10-3) and checked (Step 10-4). 
With the ACK signal received for acknowledging the cor- 
rect transmission, a subsequent packet data is detected 
55 (Step 10-5) and transmitted if the data exists. The data 
transmission ends when the last requested data was 
transmitted (Step 10-6). 

In the event if a NAK signal or no response is 
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received or any response signal is incorrectly received 
(at Step 10-4), it is considered that the data could not 
correctly be received by the receiving party. In this 
instance, the same packet is transmitted again. Every 
time when the such event (failure) occurred, the number 5 
"n" of the failures (NAK signal, no response and incor- 
rectly received response) is compared with two different 
preset values "j" and "k" (Step 10-7, Step 10-8) and re- 
transmission of the same packet is repeated until the 
number "n" reaches the preset value k (Step 10-9). 10 
When the re-transmission at the time exceeding the 
preset value k (n>k) resulted in failure, it is considered 
that propagating conditions is wrong, C/N is wrong or 
the antenna is unsuitable. At this time, the working 
antenna is first switched to another (Step 10-10). If fur- 15 
ther re-transmissions resulted in failure (n>j), the effect 
of a large delay dispersion must be considered and, at 
this time, re-transmission is conducted with a packet of 
data in less multiplexed state (Step 10-1 1 ). The informa- 
tion of the multiplexing number in the simplex portion is, 20 
of course, corrected. 

Thus, the use of the aerial diversity switching 
method in combination with the method of changing the 
number of multiplexed data can further improve the 
throughput of the system. 25 

The transmission rate is decreased with a reduced 
number of multiplexed data but is not decreased by 
switching the aerial diversity. Accordingly, it is expected 
to realize the successful transmission by using the pro- 
cedure that can provide the effect of the improved aerial 30 
diversity first and the effect of the reduced number of 
multiplexed data, if the problem could not be eliminated 
by improving the aerial diversity. 

It is also possible to reset an n-counter at 1 if the 
ACK signal is received after having re-transmitted the 35 
same packet several times because the current trans- 
mission conditions may be considered as still be allow- 
able. This step, however, is not shown in the flow chart 
of Fig. 9. 

The presettable value "k" shall be determined, 40 
based on the results of simulations and experiments, to 
an optimal value at which a maximal throughput of the 
system may be obtained. 

The performance of the system according to the 
shown embodiment can be further improved by combin- 45 
ing with features of any of the other embodiments based 
on the respective systems of Figs. 4A, 4B, 6A, 6B, 6C 
and 8B. 

Referring to a flow chart of Fig. 1 1 , the operation of 
a sixth embodiment of the present invention is as fol- so 
lows: 

In the fourth embodiment described before, the 
number of multiplexed data is first set at the maximal 
value and it is then reduced as the need be. However, in 
the case there is a small quantity of transmittable pack- 55 
ets, it is preferable to transmit packets first at a maximal 
transmission rate and then reduce the rate as the need 
be. 



On the other hand, in the case of transmitting a 
large number of packets, the propagation conditions 
may get better or worse during transmissions. Accord- 
ingly, it is desirable to reduce the transmission rate while 
the propagating conditions are wrong but to increase 
the number of multiplexed data when the propagation 
conditions are improved. This may improve the through- 
put of the system. 

The present embodiment includes in its system 
competitive type counters that operate as described in 
the flow chart of Fig. 1 1 . 

This is an embodiment usable for the system of 
Figs. 4A, 4B, 6A, 6B, 6C and 8B for the embodiments 1 
to 3. 

First, the system sets the number of multiplexed 
data (Step 11-1). In this case, the maximal value, for 
example, is set. 

Data is transmitted (Step 11-2) and a ACK or NAK 
signal is received (Step 11-3) and checked (Step 11-4). 
Upon receipt of the ACK signal acknowledging the cor- 
rect transmission, a subsequent packet data is detected 
(Step 1 1 -6) and transmitted if data is found. The data 
transmission ends when the last requested data was 
transmitted (Step 11-7). 

In the event if a NAK signal or no response is 
received or any response signal is incorrectly received 
(at Step 11-4), it is considered that the data could not 
correctly be received by the receiving party. In this 
instance, the same packet is transmitted again (Step 
11-8). 

In this system, the competitive counters count the 
number of received ACK signals and the number of 
received NAK signals (including no response and incor- 
rectly received signals) respectively (Step 11-5). In this 
case, the number of multiplexed data is controlled to 
obtain a constant ACK-to-NAK ratio. This ratio shall be 
determined to be optimal based on the results of simu- 
lations and experiments and the circumstances. In this 
case, the ACK-to-NAK ratio is set for example at 1 :3. 

The packets are transmitted first at the maximal 
number of multiplexed data while the number of ACK 
signals is predominant. When the number of NAK sig- 
nals increases and exceeds the preset ratio of 1 :3, the 
number of multiplexed data is reduced to decrease the 
error rate of transmissions (Step 11-1). When the prop- 
agating conditions are improved and the ACK-to-NAK 
ratio becomes better than the preset value, the number 
of multiplexed data is controlled by increasing the set 
value (Step 11-1). 

According to this embodiment of the present inven- 
tion, it is possible to transmit packets at the number of 
multiplexed data, which is adapted to the propagating 
conditions. 

This enables the system to attain the maximal 
throughput. 

The seventh embodiment of the present invention is 
described as follows: 

In the above-mentioned embodiment using the 
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competitive counters, it is also possible to further 
improve the performance of the system by using the 
aerial diversity switching function in combination with 
the competitive counter function. 

This embodiment is featured in that the priority is 
given to the aerial switching method over the method of 
decreasing the multiplexing number in case of reducing 
the multiplexing number whereas the priority is given to 
the method of increasing the multiplexing number in the 
case of increasing the number of multiplexed data. 

Accordingly, the multiplexing number is first 
increased when the ratio of ACK signals is increased 
whilst the current antenna is first changed-over to 
another when the ratio of NAK signals increased. 

Thus, the system can be controlled to transmit 
packets at a higher transmission rate. 

Referring to Figs. 12 and 13, an eighth embodiment 
of the present invention is described as follows: 

Usually, communication devices composing the 
spread spectrum (SS) multiplex communication system 
carry out two-way communication under the control of 
the upper-layer. As shown in Fig. 12, communicating 
stations A' and B' may alternately transmit and receive 
data to and from each other under the control of the 
upper-layer. 

Now, it is supposed that the station B' transmits to 
the station A' same multiplexing number at which the 
station A* transmitted a last packet to the station B\ 

Fig. 13 is a detailed circuit diagram of a communi- 
cation device of the system, which circuit includes a 
receiver-side demodulator 1 , a receiver-side data-proc- 
essor 4, a transmitter-side modulator 3, a transmitter- 
side data-processor 5, an upper-layer 6 and a multiplex- 
ing number controller 2. 

The communication device provided with the 
above-mentioned circuit has an integral transmitter- 
receiver and controlled by the upper-layer 6. 

The upper layer 6 controls demodulated and proc- 
essed resultants in the receiver-side and operates the 
multiplexing number controller 2 to determine the 
number of multiplexed data and transmit the data multi- 
plexed at the determined number in the transmitter-side. 

Consequently, the stations A' and B' may alter- 
nately transmit the optimally multiplexed data respec- 
tively, thus improving the throughput of the system. 

Referring to Figs. 14A and 14B, a ninth embodi- 
ment of the present invention is described as follows: 

Figs. 14A and 14B show correlation waveforms of 
multiplexed data. 

As shown in Fig. 14A and 14B. a distance between 
correlation spikes is lager for a simplex (not multiplexed) 
data and becomes shorter as the number of multiplexed 
data increases. In such circumstances, states of spikes 
in the presence of a delay dispersion are shown part (a) 
and part (b) in Fig. 14B. 

Part (a) in Fig. 14B relates to the case of a small 
delay dispersion and Part (b) in Fig. 14B relates to the 
case of a large delay dispersion. Transmission of largely 



multiplexed data under the circumstance with a large 
delay dispersion (part (b)) may cause the correlation 
spikes to overlap one another, resulting in impairing the 
data. 

s Accordingly, to transmit data in the circumstances 

with a large delay dispersion, it is necessary to previ- 
ously reduce the number of multiplexed data by using 
the methods according to the embodiments 4 to 8 
described before. 
10 In the embodiments 1 to 3 of the present invention, 
response signals ASK and NAK are featured by simplex 
(not multiplexed). Accordingly, the delay dispersion is 
determined from the state of the response signal and a 
suitable number of data to be multiplexed is then deter- 
15 mined. 

The delay dispersion may be of several chips and 
can not be so large that two subsequent spikes of a not- 
multiplexed signal may overlap each other. Utilizing this 
feature of a simplex signal, a delay dispersion of the 
20 simplex signal is determined by the correlation wave- 
forms and the suitable number of data to be multiplexed 
is then determined. 

The multiplexing number is thus effectively deter- 
mined whilst the embodiments 4 to 8 change the multi- 
25 plexing number only based on the error data with no 
consideration of a delay dispersion value. 

The use of a value determined by this method as a 
multiplexing number presettable for the sixth embodi- 
ment enables the embodiment to work more effectively. 
30 A tenth embodiment of the present invention is as 
follows: 

The ninth embodiment provides the method of 
effectively transmit data adaptively multiplexed by deter- 
mining the number of data to be multiplexed on the 
35 basis of the delay dispersion value. For this purpose, it 
is necessary to determine the delay dispersion value. 
The delay dispersion value can be determined by using 
hardware means as well as software means. However, 
this is necessarily associated with the increased cir- 
40 cuitry and an increased amount of the working program. 
Accordingly, the above-mentioned calculation is 
conducted only at a base station 

In a communication system composed of a base 
station and terminal stations, the base station performs 
45 the above-mentioned calculation and other terminal sta- 
tions determine the multiplexing number from the data 
determined at the base station. The base station may 
inform each terminal of the delay dispersion value by 
inserting it in the data transmitted thereto or each termi- 
50 nal station uses the same number of multiplexed data in 
a packet lastly received from the base station. 

This can effectively prevent the increase of circuitry 
of each terminal station that utilizes the values deter- 
mined at the base station. 
55 An eleventh embodiment of the present invention is 
as follows: 

The tenth embodiment provides that the delay dis- 
persion value is determined at the base station. The 
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sixth and seventh embodiments determine the number 
of data to be multiplexed at each station. However, one- 
to-multiple or multiple-to-multiple communication may 
be associated with frequent change of communicating 
parties. 5 

Since the delay dispersion and the C/N of transmis- 
sion vary depending to the locations of the receiving 
parties, it takes much time to determine a delay disper- 
sion value and an adaptive multiplexing number for 
each new receiving party, resulting in obtaining a 10 
decreased throughput of the system. 

Accordingly, the present embodiment provides that 
each station stores the delay dispersion value and the 
adaptive multiplexing number determined in advance for 
each party with an ID. This solution enables each sta- is 
Won to rapidly select the suitable number of data to be 
multiplexed and transmitted to any party. The through- 
put of the system can be thus improved. 

(1) An aspect of the present invention offers an 20 
advantageous feature that in the data communica- 
tion with ARQ by using a system for multiplexing a 
plurality of series of signals spread by using 
spread-codes and delayed by any desired number 

of chips of the spread-codes according a format 25 
including a not-multiplexed (simplex) portion, 
response signals ACK and NAK are transmitted 
and received as simplex (not multiplexed) portion of 
the format, thus decreasing an error ratio of the 
response signals and improving the throughput of 30 
the system. 

(2) An aspect of the present invention offers an 
advantageous feature, in addition to that mentioned 
(1) above, that a procedure for recognizing the con- 
nection between terminals by a CSMA/CA with 35 
RTS/CTS method before transmitting and receiving 

a data portion of the transmission format provides a 
packet for recognizing the establishment of the con- 
nection being transmittable and receivable in a sim- 
plex (not multiplexed) state, thus assuring an 40 
improved error rate of this important connection 
acknowledgment. 

(3) An aspect of the present invention offers such 
an advantageous feature, in addition to that men- 
tioned (1) and (2) above, that a response<Jata for- 4s 
mat for ARQ system includes a flag for identifying 
response signals and response data such as ACK 
signal arranged in fields where the number of multi- 
plexed data and packet length were previously 
arranged and omitted, thus shortening a packet so 
length. 

(4) An aspect of the present invention offers, in 
addition to that mentioned (1) to (3) above, an 
advantageous feature that the number of data to be 
multiplexed is variable and is decreased by the mul- ss 
tiplexing means when a result of counts of NAK sig- 
nals including no response reaches any preset 
number and then data less multiplexed is re-trans- 



mitted. This enables the system to improve an error 
rate of transmissions over wrong propagation path. 

(5) An aspect of the present invention offers, in 
addition to that mentioned (1) to (4) above, an 
advantageous feature that the system is further 
provided with an aerial diversity switching system 
by which a current working antenna (aerial diver- 
sity) is switched over to another when a result of 
counts of received NAK signals including no 
response or incorrectly received response reaches 
a specified preset value, and the number of data to 
be multiplexed for transmission is reduced as the 
need be, thus conducting well conditioned trans- 
missions. 

(6) An aspect of the present invention offers an 
advantageous feature that frequency of ACK 
(Acknowledge) signals and frequency of NAK (Neg- 
ative Acknowledge) signals including no response 
or incorrectly received response are counted 
respectively and the number of data to be multi- 
plexed is adaptively controlled for each packet 
according to an ACK to NAK ratio determined from 
the respective frequency counts. 

(7) An aspect of the present invention offers an 
advantageous feature, in addition to that mentioned 
(1) to (6) above, that the system operates the aerial 
diversity switching system to change a working 
antenna diversity according to a ratio of counts of 
received ACK signals to counts of received NAK 
signals including no response or incorrectly 
received response and the number of data to be 
multiplexed for transmission is further reduced as 
the need be, thus conducting well conditioned 
transmissions. 

(8) An aspect of the present invention offers an 
advantageous feature, in addition to that mentioned 
(4) to (7) above, that the number of multiplexed 
data, which has been received, is used as an initial 
value to be at the multiplexing means when a direc- 
tion of data communication between stations is 
reversed, thus enabling the system to use the 
number of multiplexed data, which can be consid- 
ered to be a nearly optimal value. 

(9) An aspect of the present invention offers an 
advantageous feature, in addition to that mentioned 
(1) to (8) above, that a delay dispersion of the ACK 
or NAK signal transmitted and received in a simplex 
(not-multiplexed) state is calculated and an optimal 
value of the number of data to be multiplexed for 
transmission can be quickly determined according 
to the calculation result of the delay dispersion. 

(10) An aspect of the present invention offers an 
advantageous feature, in addition to that mentioned 
(9) above, that in a system composed of a base sta- 
tion and terminal stations, only the base station cal- 
culates the delay dispersion of the simplex signal 
and determines the number of data to be multi- 
plexed for transmission according to the calculation 
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result and the terminal stations use the number of 
data to be multiplexed, which is determined by the 
base station, thus enabling the system to increase 
the circuitry on only the base station. 
(11) An aspect of the present invention offers an s 
advantageous feature, in addition to that mentioned 
(1) to (10) above, that in an one-to-multiple or a 
multiple-to-multiple communication system, each of 
stations composing the system can change by the 
multiplexing means the number of data to be multi- 10 
plexed for transmission and stores the number of 
data to be multiplexed for transmission to each sta- 
tion together with an ID, thereby the each station 
can optimally communicate with any other station 
even if frequently changing a party to another. is 

Claims 



decreased by the control when a result of counts of 
received NAK signals indicating incorrect receipt of 
transmissions including no response or incorrectly 
received response reaches a specified preset value 
and then data in a less multiplexed state is re-trans- 
mitted and received. 

5. A direct-spread-spectrum communication system 
as defined in any one of claims 1 to 4, characterized 
in that the system is further provided with an aerial 
diversity system by which a working aerial diversity 
is changed when a result of counts of received NAK 
signals indicating incorrect receipt of transmissions 
including no response or incorrectly received 
response reaches a specified preset value, and 
data is then re-transmitted therethrough and 
received. 



1. A direct-spread-spectrum communication system 

for transmitting and receiving signals spread by 20 
using spread-code and multiplexed according to a 
data format having a simplex portion plus a multi- 
plexed portion or only a multiplexed portion or only 
a simplex portion by using multiplexing means for 
multiplexing signals at a delay time of any desired 25 
number of chip of the spread-code, the spread sig- 
nals to be transmitted and received being pack- 
etized and transmitted by an ARQ (Automatic 
Repeat Request) method, wherein an ACK 
(Acknowledge) signal and a NAK (Negative 30 
Acknowledge) signal for acknowledging the receipt 
of correctly or incorrectly transmitted signals are 
transmitted and received as simplex spread-spec- 
trum signals. 

35 

2. A direct-spread-spectrum communication system 
as defined in claim 1 , characterized in that a proce- 
dure for recognizing the connection between termi- 
nals by a CSMA/CA (Carrier Sense Multiple Access 
with call Accepted) with RTS/CTS (Request To 40 
Send/Clear To Send) method is executed, before 
transmitting and receiving data portion according to 
the data format, by using a packet to be transmitted 
and received as simplex spread -spectrum signals. 

45 

3. A direct-spread-spectrum communication system 
as defined in claim 1 or claim 2, characterized in 
that a response data format for ARQ system 
includes a flag for identifying response signals and 
response data such as ACK signal arranged in 50 
fields of the response data format where the 
number of multiplexed data and a packet length 
were previously arranged. 

4. A direct-spread-spectrum communication system 55 
as defined in any one of claims 1 to 3, characterized 

in that the number of multiplexed data in the multi- 
plexing means data is controlled and can be 



6. A direct-spread-spectrum communication system 
for transmitting and receiving signals spread by 
using spread-code and multiplexed according to a 
data format having a simplex portion plus a multi- 
plexed portion by using multiplexing means for mul- 
tiplexing signals at a delay time of any desired 
number of chip of the spread-code, the spread sig- 
nals to be transmitted and received being pack- 
etized and transmitted by an ARQ (Automatic 
Repeat Requesting) method, wherein the number 
of data to be multiplexed in the multiplexing means 
is controlled, a frequency of ACK (Acknowledge) 
signals for acknowledging the receipt of correctly 
transmitted signals and a frequency of NAK (Nega- 
tive Acknowledge) signals for acknowledging the 
receipt of incorrectly transmitted signals including 
no response or incorrectly received response are 
countable respectively and the number of data to be 
multiplexed, transmitted and received is controlled 
according to the ACK to NAK ratio determined from 
the respective count values. 

7. A direct-spread -spectrum communication system 
as defined in any one of claims 1 to 6, characterized 
in that the system is further provided with the aerial 
diversity system to change a working aerial diver- 
sity according to a ratio of counts of received ACK 
signals to counts of received NAK signals indicating 
incorrect receipt of transmission including no 
response or incorrectly received response and 
transmit data at the selected aerial diversity. 

8. A direct-spread-spectrum communication system 
as defined in any one of claims 4 to 7, characterized 
in that the number of data to be multiplexed, which 
has been received, is used as an initial value to be 
set at the multiplexing means when a direction of 
data communication between stations is reversed. 

9. A direct spread-spectrum communication system 
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as defined in any one of claims 1 to 8, characterized 
in that the number of data to be multiplexed in the 
multiplexing means is controlled, a delay dispersion 
of the ACK or NAK signal transmitted and received 
in a simplex state is calculated and an optimal value 5 
of the number of data to be multiplexed for trans- 
mission is determined according to the calculation 
result of the delay dispersion and set at the multi- 
plexing means. 

w 

10. A direct-spread-spectrum communication system 
as defined in claim 9, characterized in that the sys- 
tem is composed of a base station and a terminal 
station, only the base station calculates the delay 
dispersion of the simplex signal and determines the 15 
number of data to be multiplexed for transmission 
according to the calculation result and the terminal 
station uses the number of data to be multiplexed, 
which is determined by the base station. 

20 

11. A direct-spread-spectrum communication system 
as defined in any one of claims 1 to 10, character- 
ized in that the system is a one-to-multiple or multi- 
ple-to multiple communication system in which 
each of stations composing the system can control 25 
the number of data to be multiplexed for transmis- 
sion in the multiplexing means and stores the num- 
bers of data to be multiplexed for transmission, 
which are previously determined for respective con- 
nectable stations together with respective identifi- 30 
cations, and sets at the multiplexing means the 
number of data to be multiplexed for transmission. 
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